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ABSTRACT: Salinity is a major limiting factor to crop productivity in the world especially in semiarid
regions. The aim of this study was to evaluate the photosynthetic resistance of Jatropha curcas (L.) young
plants subjected to salt stress. The experiment was carried out in a completely randomized design with
treatments in a 2 × 3 factorial: two NaCl levels (0 and 100 mmol L–1) and three harvest times: 7 and 14 days
of salt exposure and three days of recovery. Leaf Na+ and Cl- concentrations and the K+/Na+ ratios, after
seven days of salt exposure, did not reach ionic toxic levels, suggesting that the NaCl-induced osmotic effects
prevailed over the ionic ones. Under this condition, the salt stress caused reduction in leaf gas exchange
parameters, such as CO2 fixation, stomatal conductance and transpiration. In contrast, salt stress did not
change the photochemical efficiency of photossystem II. Conversely, after 14 days of treatment, Na+ and Cl-
ions reached very high concentrations, up to toxic levels in leaves. Under such conditions, both leaf gas
exchange and photochemistry suffered strong impairment probably caused by ionic toxicity. The recovery
treatment for 3d did not significantly decrease the leaf salt concentrations and no improvement was observed
in the photosynthetic performance. Physic nut young plants are sensitive to high NaCl-salinity conditions,
with high leaf Na+ and Cl– concentrations, low K+/Na+ ratio and great photosynthetic damages due to
stomatal and biochemical limitations.
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Danos causados por estresse salino sobre a fotossíntese de plantas
jovens de pinhão-manso
RESUMO: A salinidade é um dos principais fatores que limitam a produtividade das culturas no mundo
principalmente em regiões semiáridas. Avaliou-se a resistência da fotossíntese de plantas jovens de pinhão-
manso (Jatropha curcas L.) submetidas ao estresse salino. O experimento foi realizado em delineamento
inteiramente casualizado com tratamentos em fatorial 2 × 3: duas concentrações de NaCl (0 e 100 mmol L–1)
e três tempos de avaliação (7 e 14 dias de exposição e três dias de recuperação). As concentrações de Na+ e Cl–
e a relação K+/Na+ nas folhas, após sete dias de exposição ao sal, não indicaram níveis tóxicos, sugerindo os
efeitos osmóticos induzidos pelo NaCl prevaleceram sobre as causas iônicas. Sob essas condições, o estresse
salino causou redução nos parâmetros de trocas gasosas, como fixação de CO2, condutância estomática e
transpiração, mas ao contrário, não alterou a eficiência fotoquímica do fotossistema II. Após 14 dias de tratamento,
os íons salinos atingiram concentrações muito elevadas nas folhas, provavelmente atingindo níveis tóxicos. Em
tais condições, as trocas gasosas e a atividade fotoquímica sofreram forte redução causada pelo estresse iônico. O
tratamento de recuperação não induziu queda intensa nas concentrações dos íons salinos nas folhas e nenhuma
melhoria foi observada no desempenho fotossintético. Plantas jovens de pinhão manso são sensíveis a condições
de salinidade elevada por NaCl, mostrando altas concentrações de Na+ e Cl–, baixa razão K+/Na+ e danos
fotossintéticos intensos causados tanto por limitações estomáticas como por limitações bioquímicas.
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Introduction
Salinity adversely affects plant growth and develop-
ment, with nearly 20% of the world cultivated area and
about half of the world irrigated lands being affected by
salt stress (Sairam and Tyagi, 2004). This problem is more
relevant in semiarid regions with low rainfall and high
evaporative demand, which strongly contribute to in-
crease soil salinization (Viégas et al., 2001). In these re-
gions, the problem of soil secondary salinization is ex-
acerbated by the use of low quality water associated
with inadequate techniques of soil management
(Ferreira-Silva et al., 2009).
The accumulation of salt ions in plants can cause os-
motic stress, ionic toxicity and induce nutritional defi-
ciencies (Munns, 2002). When Na+ and Cl– ions reach
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high concentrations in leaves, they cause impairment in
both biochemical and photochemical processes of pho-
tosynthesis (Munns and Tester, 2008). In addition to these
physiological disturbances, abiotic factors such as excess
of the salts (Cavalcanti et al., 2007) and heavy metals can
trigger secondary stresses as the oxidative stress due to
accumulation of reactive oxygen species (Gratão et al.,
2005).
The physic nut (Jatropha curcas) grows in marginal
areas where important crop species are not able to sur-
vive (Francis et al., 2005). Besides, it presents high eco-
nomic potential due to its seed oil quality, which can
be converted into biodiesel by the industry (Silva et al.,
2009a). Although this species had shown satisfactory
yield under constraining conditions of semiarid regions
such as drought and high temperature, the plant physi-
ological responses to salinity are not yet well known,
especially in terms of key process like the photosynthe-
sis.
 This study was designed to evaluate the photosyn-
thesis tolerance of physic nut young plants to salt stress.
Changes in leaf gas exchange, photochemistry activity,
and salt stress indicators (leaf Na+ and Cl– concentra-
tions and K+/Na+ ratios) were measured after 7 and 14
days of salt stress and 3-d recovery.
Material and Methods
The experiment was carried out under greenhouse
conditions, localized in the Universidade Federal do
Ceará, Fortaleza, Ceará, Brazil (3o44’ S, 38o33’ W, at sea
level), where the environmental conditions were: mini-
mum and maximum mean air temperature of 24 and
36°C, respectively; mean air relative humidity of 65%;
maximum photosynthetic photon flux density (PPFD)
of approximately 700 μmol m–2 s–1. Jatropha curcas L.
seeds, genotype FT-2, were previously selected taking
into account the seed size and weight. Eight days after
germination in sand, seedlings were transferred to plas-
tic pots (2 L), containing Hoagland and Arnon (1950) nu-
trient solution (pH 6.0) with one-forth strength in the
first week and full strength afterwards.
The nutrient solution was supplied with 100 mmol
L–1 NaCl and then plants were subjected to this stressful
treatment during 14 days. The NaCl was added gradu-
ally (50 mmol NaCl L–1 d–1) into solution in order to
avoid osmotic shock. The treatment with nutrient solu-
tion in absence of NaCl was taken as control. At the
end of two weeks of treatment, the salt-stressed plants
were returned to control conditions for three days. In a
previous experiment, a three-day period was sufficient
for the full recovery of physic nut young plants subjected
to 50 mmol L–1 NaCl.
Leaf gas exchange was measured with an infrared gas
analyzer (LCi, ADC, Hoddesdonm, UK), operating in
open system and with air flow of 200 mL min–1. Mea-
surements of leaf CO2 assimilation rate (A), transpira-
tion (E), stomatal conductance (gs) and intercellular CO2
concentration (Ci) were taken. The instantaneous
carboxilation efficiency (A/Ci) was calculated (Zhang
et al., 2001).
The chlorophyll fluorescence was evaluated with a
modulated fluorometer (FMS2, Hansatech, King’s Lynn,
UK). Minimum (Fo), maximum (Fm) and maximum vari-
able (Fv=Fm-Fo) fluorescence intensities were sampled
under steady-state conditions in dark-adapted (30 min)
leaves. In addition, measurements were also taken un-
der light-adapted conditions, being referred as Fo’ (mini-
mum) and Fm’ (maximum). The Fo’ signal was mea-
sured after PSI excitation by far-red light. The fluores-
cence signal under light-adapted conditions before the
saturation pulse is referred as FS’ and the variable fluo-
rescence signal under light conditions is ΔF=Fm’-Fs’.
The following photochemical variables were calcu-
lated: maximum (Fv/Fm) and actual (ΔF/Fm’) quantum
yield of primary photochemistry. Apparent electron
transport rate (ETR= ΔF/Fm’ × PPFD × 0.5 × 0.84), pho-
tochemical [qP= (Fm’-Fs)/(Fm’-Fo’)] and non-photo-
chemical [NPQ= (Fm-Fm’)/Fm’] quenching (Rohácek,
2002). For ETR calculation, 0.5 was used as the fraction
of excitation energy distributed to PSII and 0.84 as the
fraction of the incoming light absorpted by leaves
(Schreiber et al., 1998). Fo’ is the basal fluorescence yield
measured after PSI excitation by far-red light. The ratio
ETR/A was calculated to estimate the use of electrons
in other processes not related to the photosynthetic CO2
assimilation rate (Ribeiro et al., 2009). Therefore, an in-
crease in ETR/A indicates that more electrons are
driven to other sinks (e.g., photorespiration, nitrogen
metabolism or Mehler reaction), suggesting a stressful
condition.
Leaf gas exchange and chlorophyll fluorescence were
measured simultaneously, in fully expanded and mature
leaves of plants exposed to 25°C and PPFD of 590 μmol
m–2 s–1 supplied by an external light source. Those mea-
surements were taken after 7-d and 14-d of treatment (0
and 100 mmol L–1 NaCl), and repeated again three days
after returning plants to the nutrient solution without
the presence of NaCl.
At the end of experiment, leaves were sampled, fro-
zen and stored at -80ºC. After lyophilization, samples
were placed into hermetically closed tubes containing
deionized water and heated under water-bath at 100ºC
for 1 h. The extracts were then filtered and used for de-
termination of Na+ and K+ contents by flame photom-
etry. The Cl– content was determinate through titration
with AgNO3 as described by Silveira et al. (2009).
The experiment was arranged in a completely ran-
domized design, with two factors: NaCl (0 and 100 mmol
L–1); time (seven and 14 days of salt stress and three days
of recovery). Data were subjected to analysis of variance
and mean from four replicates were compared by the
Tukey test at the 0.05 level of confidence.
Results and Discussion
Leaves of physic nut young plants treated with NaCl
(100 mmol L–1) were affected by the Na+, Cl– and K+ con-
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centrations compared to control plants (Table 1). After
seven days of treatment, the Na+ and K+ concentrations
reached values around 603 and 581 mmol (kg DM)–1 re-
spectively, while the K+/Na+ ratio was reduced from
5.40 to 0.96 in stressed plants. In spite of the Na+ accu-
mulation associated with a reduction in K+ concentra-
tion, and consequent decrease in K+/Na+ ratio, in the
treated plants, the saline condition was not sufficient to
induce an ionic stress and a great disturbance in the leaf
ion homeostasis, taken as basis the Na+ and K+ concen-
trations. In fact, Silva et al. (2009b) observed that toxic-
ity symptoms in physic nut leaves appeared only when
the leaf K+/Na+ ratio is lower than 0.50.
After seven days of treatment with 100 mmol L–1
NaCl, the leaf Cl– content was just 326 mmol (kg DM)–1
(Table 1). This concentration represents only 54% of that
noticed for the Na+ concentration, evidencing that J.
curcas is a species more excluder of Cl– than Na+. The
stress imposed by NaCl was predominantly osmotic
over the ionic effects. This evidence is consistent with
the results obtained by Silva et al. (2009a) working with
several NaCl levels under experimental conditions simi-
lar to those employed in this current study. In addition,
this species actually has a high affinity for Na+ and/or
greater ability to exclude Cl– ions from roots and leaves
(Silva et al., 2009b).
After 14-d of exposure to salt stress, the Na+ and Cl–
concentrations reached very high levels, possibly achiev-
ing toxic values. The Na+ and Cl– concentrations were
about 1,721 and 1,498 mmol (kg DM)–1 respectively.
These concentrations of Na+ and Cl– ions are able to
trigger salt toxicity symptoms in physic nut leaves such
as leaf chlorosis followed by necrotic areas (Silva et al.,
2009b), as shown in the Figure 1. Corroborating these
observations, the leaf K+ concentration decreased
strongly in salt-stressed plants, varying from 1,071 (con-
trol) to 423 mmol (kg DM)–1. As a consequence, the K+/
Na+ ratio was reduced from 5.0 to 0.24, evidencing
clearly that after 14-d of exposure the salinity induced
great disturbances in the K+-Na+ ionic homeostasis
(Munns and Tester, 2008).
The salt-induced osmotic effects after 7-d and the
toxic ionic effects after 14-d of salt exposure were evi-
denced by the appearance of visual symptoms in physic
nut leaves (Figure 1). Indeed, after 7-d of treatment the
leaves exhibited minor senescence symptoms while the
leaves showed drastic toxicity visual symptoms after 14-
d as indicated by intense necrotic areas. These symp-
toms persisted even after the NaCl removal from the
nutrient medium (recovery). After 3-d recovery, the Na+
and Cl– concentrations in the pre-stressed plants de-
creased by 15% and 17% only, respectively while that
the K+/Na+ ratio was not changed, in comparison to the
14-d stressed plants (Table 1). Thus, most J. curcas plants
suffered an osmotic stress after 7-d. However, a strong
ionic stress was established in physic nut leaves in the
following seven days, i.e., after 14-d of exposure to NaCl.
Table 1 – Concentrations of Na+, Cl– e K+ and K+/ Na+ ratio in leaves of physic nut young plants cultivated in absence
and presence of NaCl (100 mmol L–1) during 7-d and 14-d and after 3-d of recovery. Values are means of four
replicates.
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Values represented by the same upper case letters, between time of treatment and same lower case letters, into of each time of
treatment are different (Tukey, p < 0.05).
Figure 1 – Leaf toxicity symptoms in Jatropha curcas young
plants cultivated in absence and presence of NaCl
(100 mmol L–1) during stress period.
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Overall, after the first days of salt exposure glycophyte
plants display an osmotic response and that after some
weeks the ionic component of the salinity is predomi-
nant (Munns and Tester, 2008).
The leaf CO2 assimilation rate was strongly reduced
in plants exposed to salt stress compared to control ones.
Plants submitted to NaCl had 23% and 85% reductions
after 7 and 14-d of treatment, respectively (Figure 2A).
The transpiration rate was reduced in 39% and 84% (Fig-
ure 2B), the stomatal conductance by 80% and 97% (Fig-
ure 2C) and the intercellular CO2 concentration by 23%
and 47% (data not shown) after 7 and 14-d of treatment,
respectively. In contrast, the instantaneous carboxylation
efficiency, estimated by the A/Ci ratio (Figure 2D), re-
mained unchanged after 7-d of treatment but it was
strongly reduced (73%) after 14-d of exposure to NaCl.
Interestingly, after 3-d of recovery the A/Ci ratio did not
change as compared to stressed plants (Figure 2D).
The reduction of photosynthesis after seven days of
salt treatment was caused only by a stomatal limitation,
i.e. reduced CO2 availability to carboxylation, while
both the stomatal and biochemical limitations were ob-
served after 14 days of treatment. As expected, the nega-
tive effects caused by salt stress on the leaf gas exchange
Figure 2 – Leaf CO2 assimilation rate (A), transpiration (B), stomatal conductance (C) and instantaneous carboxilation efficiency (D)
in Jatropha curcas young plants cultivated in absence and presence of NaCl (100 mmol L–1) during 7-d and 14-d and after
3-d of recovery. White bars represent control plants and gray bars represent stressed plants. Values are means of four
replicates. Values represented by the same upper case letters, between time of treatment and same lower case letters, into
of each time of treatment are not different (Tukey, p < 0.05).
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variables were progressively increased as the time of salt
exposure increased. In addition, no improvement in the
photosynthesis was observed after the salt removal (re-
covery treatment), suggesting that after 14-d of treatment
irreversible damage on the photosynthesis occurred prov-
ably due to ionic toxicity caused in the chloroplasts
(López-Climent et al., 2008).
The decrease of photosynthesis associated with low
stomatal conductance in plants subjected to saline con-
ditions (Figure 2) is in accordance to Meloni et al. (2003),
who observed impairment in the photosynthetic effi-
ciency of cotton cultivars exposed to 50 and 100 mmol
L–1 NaCl. On the other hand, decreases in intercellular
CO2 concentration and A/Ci ratio also indicate that salt
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Figure 3 – Maximum (A) and actual (B) quantum yield of primary photochemistry, photochemical (C) and non-photochemical (D)
quenching in Jatropha curcas young plants cultivated in absence and presence of NaCl (100 mmol L–1) during 7-d and 14-
d and after 3-d of recovery. White bars represent control plants and gray bars represent stressed plants. Values are means
of four replicates. Values represented by the same upper case letters, between time of treatment and same lower case letters,
into of each time of treatment are not different (Tukey, p < 0.05).
stress affected the photosynthesis by metabolic limita-
tion. Reductions of A/Ci ratio are probably associated
with a decrease of Rubisco carboxylase activity, which
occurred in parallel with Na+ and Cl– intense accumu-
lation in leaf tissues (Table 1). Thus, the reduction of
photosynthesis may, at least in part, be a direct effect of
Na+ and Cl– ions, as observed in sorghum (Netondo et
al., 2004) and orange (López-Climent et al., 2008) plants.
Regarding to photochemistry effects, maximum
quantum yield (Fv/Fm) was not affected by salinity,
whereas the actual quantum yield of primary photo-
chemistry (ΔF/Fm’) decreased (39%) after 14-d of expo-
sure to NaCl (Figure 3A,B). The photochemical quench-
ing (qP) was not affected by salt stress, while the non-
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photochemical quenching (NPQ) increased in plants
subjected to salt stress (Figure 3C,D). The increase of
NPQ was already significant after seven days of treat-
ment and progressively increased after 14-d of salt stress
(Figure 3D).
Interestingly, this photochemical parameter in-
creased in the recovery treatment. The reduction of ΔF/
Fm’ accompanied by a decrease in the apparent elec-
tron transport rate (data not shown) in the stressed
plants differs from results reported by Lu et al. (2002),
who did not observe effects of salt stress in photochemi-
cal reactions of S. salsa leaves. Impairments in photo-
chemistry of plants exposed to salinity may be related
to possible damages in primary electron acceptors, such
as plastoquinone pool (Foyer and Noctor, 2000). In ad-
dition, the continuous increase of NPQ during stress and
recovery treatments suggest the activation of a protec-
tive mechanism for dissipation of excessive energy not
used in photochemical reactions (Ribeiro et al., 2009;
Rohácek, 2002). However, this protective defense was
not sufficient to avoid oxidative and irreversible dam-
age after 14-d of treatment, as suggested by the toxicity
symptoms in leaves (Figure 1). Our data reveal a rea-
sonable photochemical activity even under ionic stress,
which was not compatible with the photosynthetic rates
(Figures 2 and 3). In fact, full inhibition of PSII photo-
chemistry occurs only under severe oxidative damage
(Chagas et al., 2008).
After 14-d under salt stress, plants showed ETR/A ra-
tio 4-fold higher than the control. This difference was
maintained even after the recovery period (Figure 4). The
increase in ETR/A ratio represents an imbalance between
the electron flow and the CO2 assimilation during pho-
tosynthesis, which is frequently associated with increases
in oxygenase activity of Rubisco and might represent an
electron flow to other physiological processes rather than
to CO2 assimilation reactions (Baker et al., 2007; Ribeiro
et al., 2009). Thus, the occurrence of increases in ETR/A
and decreases in A/Ci might indicate a loss of photosyn-
thetic efficiency in physic nut plants under salinity, espe-
cially in the ionic phase of salt stress.
The accumulation of toxic ions (Na+ and Cl–) accom-
panied by decreases in K+ concentration and severe pho-
tosynthetic damages indicate that physic nut young plants
are sensitive to high salinity caused by NaCl. The absence
of any recovery in photosynthesis, after three days of salt
removing, also indicates that high Na+ and Cl– leaf con-
centrations might cause acute damages on the photochemi-
cal and gas exchange of the photosynthesis.
Conclusion
Physic nut young plants are sensitive to high salin-
ity, showing high leaf Na+ and Cl– concentrations and
very low K+/Na+ ratios, after 14 days of exposure to 100
mmol L–1 NaCl. Under this condition, the salt-induced
ionic toxicity effects are capable to induce acute photo-
synthetic damages (photochemistry and gas exchange)
due to stomatal and biochemical limitations.
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